Abstract. Rhus tripartitum (sumac) is an Anacardiaceae tree with a wide phytotherapeutic application including the use of its roots in the management of gastric ulcer. In the present study the Rhus tripartitum root barks extract (RTE) was phytochemical studied, in vitro tested for their potential antioxidant activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and reducing power assay and in vivo evaluated for its ability to prevent ethanol-induced gastric ulcer in rats. The RTE was rich in phenolics, flavonoids, tannins and polysaccharide contents and exhibited a low but not weak in vitro antioxidant activity when compared with (+)-catechin. Pre-treatment with RTE at oral doses 50, 200 and 400 mg/kg body weight was found to provide a dose-dependent protection against ethanolinduced ulcer by averting the deep ulcer lesions of the gastric epithelium, by reducing gastric juice and acid output, by enhancing gastric mucus production by preserving normal antioxidant enzymes activities, and inhibiting the lipid peroxidation. The antiulcerogenic activity of RTE might be due to a possible synergistic antioxidant and antisecretory effects.
Phytochemical, antioxidant and protective effect of Rhus tripartitum root bark extract against ethanol-induced ulcer in rats Introduction
The term peptic ulcer disease is commonly used to refer to ulcerations of the stomach, duodenum, or both. Approximately 4 million recurrences of peptic ulcers occur in the United States each year (Chugh and Aronow 2011) . Moreover, an estimated 15,000 deaths per year occur as a consequence of complicated peptic ulcer disease (Valle 2008) . Gastric ulcer demonstrates a morphological defect that extends through the muscularis mucosa into the submucosa or deeper (Singh et al. 2008) . The pathophysiology of these ulcers involves an imbalance between offensive (acid and pepsin) and defensive factors (mucin, prostaglandin and bicarbonate, etc.) (Arun and Asha 2008) . The infection with Helicobacter pylori and the uses of non-steroid anti-inflammatory drugs (NSAIDs) are identified as promoters of gastric ulcer development (O'Malley 2003) . In addition, we have previously demonstrated that acute ethanol consumption results in gastric ulcer evidenced by acute hemorrhagic lesions, mucosal edema, epithelial exfoliation, inflammatory cell infiltration and alterations in the cell redox state (Alimi et al. 2010 (Alimi et al. , 2011 . A number of products have been used for the treatment of gastric ulcers such as antihistaminics, proton pump inhibitors or antacids, but most of these drugs produce several adverse reactions (Singh et al. 2008) . This has been the basis for the development of more effective and safe antiulcer drugs which includes herbal drugs. In this respect, our laboratory gives a high interest to the protective potential of sumac plants as regards ulcer resulted from acute ethanol toxicity.
Rhus tripartitum (sumac) (Anacardiaceae) is a native presaharian Tunisian plant (North Africa) with great economical and ecological interests. In Tunisia Rhus tripartitum fruits are consumed fresh, soaked in sour milk or added to drinking water to offer an acceptable taste (Mahjoub et al. 2010) . The Rhus tripartitum root barks are used in traditional Tunisian medicine for their antiulcerogenic effect. It has been demonstrated that Rhus tripartitum aerial parts (leaves, stems, and fruits) are rich in biflavonoids and expressed an antioxidants and an anti-inflammatory effects (Mahjoub et al. 2010) . But there is no information hitherto about the ability of Rhus tripartitum root barks to counteract ulcer development. Therefore, we investigated whether the 50% methanolic extract of Rhus Tripartitum root barks has an antioxidant activity and whether it could prevent ethanolinduced ulcer in rats.
The aim of the present study was to investigate, as a first approach, the chemical compounds and the in vitro antioxidants activity of the Rhus tripartitum root barks methanolic extract (RTE). The RTE was then in vivo tested for its antiulcerogenic activity by measuring the lipid peroxidation level in rat stomach tissues, expressed as malondialdehyde (MDA), the activities of some gastric antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and myeloperoxidase (MPO), the histopathologic changes, the pH and volume of gastric juice, ulcer area and curative ratio were also estimated.
Materials and Methods

Plant material and preparation of extract
The Rhus tripartitum roots were collected at the beginning of March 2012 in Djebel Thelja, Gafsa, state of Tunisia. A voucher specimen (R.T.H03-N06) was identified and authenticated by a Taxonomist, Dr. Boulbaba Ltayef, and deposited at the herbarium (H03) in the Faculty of Sciences, University of Gafsa, Tunisia. The Rhus tripartitum root barks were cleaned, dried under shade, grounded to a fine powder and extracted (50 g) with 500 ml of methanol (50%), for 24 h at room temperature with magnetic stirring. The extract was centrifuged at 4500 × g for 10 min and lyophilized. The RTE yielded 22.62 g of brown residue was stored at −21°C until use. The yielded RTE is totally soluble when dissolved in distilled water and gives a slightly viscous brown solution.
Chemicals
Ethanol was purchased from Carlo Erba Reagents, trichloroacetic acid (TCA), butylated hydroxytoluene (BHT), 2-thiobarbituric acid (TBA), dithiobis-2-nitrobenzoic acid (DTNB), 2,2-diphenyl-1-picrylhydrazyl (DPPH), aluminum chloride (AlCl 3 ) and Folin-Ciocalteu reagent were purchased from Sigma chemical Co. (St. Louis, MO, USA). All other used chemicals and reagents were for analytic grades.
Phytochemical studies of RTE
Determination of total phenolic content
The total phenolic content (TPC) was determined using the Folin-Ciocalteu method described by Singleton et al. (1999) . A 125 µl volume of RTE dissolved in distilled water was mixed with 0.5 ml of 10% diluted Folin-Ciocalteu reagent (v/v) and 1 ml of 7.5% saturated sodium carbonate (w/v). The reaction mixture was incubated at 45°C for 40 min, and the absorbance was measured at 765 nm by Analytik Jena 40 spectrophotometer. The amount of total phenolics is expressed as gallic acid equivalents (GAE, mg gallic acid/g of RTE) through the calibration curve ranged 0-50 µg/ml (R 2 = 0.9986) and all tests were carried out in triplicate.
Determination of total flavonoid content
The total flavonoid content (TFC) was determined using a method described by Djeridane et al. (2006) . One milliliter of RTE aqueous solution was mixed with 1 ml of 2% methanolic AlCl 3 · 6 H 2 O. After incubation for 15 min at room temperature, the absorbance of the reaction mixture was measured at 430 nm. The amount of total flavolnoid content is expressed as rutin equivalents (mg RE/g of RTE) through the calibration curve ranged 0.5-40 µg/ml (R 2 = 0.9989) and all tests were carried out in triplicate.
Determination of total condensed tannins
The total condensed tannins (TCT, proanthocyanidin) were extracted from RTE using acetone-water mixture according to Tebourbi et al. (2006) . Briefly, 100 mg of RTE was dissolved in 1 ml of acetone-water (90/10 v/v), vortexed for 2 min and centrifuged at 10.000 × g for 10 min. The total condensed tannins of the supernatant were determined by the vanillin-H 2 SO 4 method (Baoshan et al. 1998) . Briefly, 200 μl of supernatant was added to 500 μl of 1.2% vanillin solution and 500 μl of 20% H 2 SO 4 solution. The reaction was carried out in the dark at room temperature for 20 min, and then absorbance was measured at 500 nm. The amount of TCT is expressed as (+)-catechin equivalents (mg CE/g RTE). The calibration curve ranged 0-300 µg/ml (R 2 = 0.9978).
Estimation of RTE polysaccharide content
An amount of RTE (2 g) was dissolved in 20 ml of distilled water and heated at 80°C for 2 h. The obtained solution was then precipitated overnight at 4°C by adding ethanol (four times the volume of extract solution), followed by centrifugation at 4500 × g for 10 min. The precipitate was dissolved in 20 ml of distilled water and deproteinised by Sevag reagent (chloroform/butanol 4:1, v/v) as described by Navarini et al. (1999) . The resulting aqueous fraction was extensively dialyzed against double-distilled water for three days and again precipitated by adding four-fold volume of ethanol. After centrifugation, the precipitate was washed with anhydrous ethanol, dissolved in distilled water and lyophilized. The extract yield of RTE polysaccharide was measured by employing sulfuric acid-phenol method (Dubois et al. 1956 ) using D-glucose as a standard. All tests were carried out in triplicate and the amount polysaccharide content (PSC) was expressed as mg/g of RTE.
Fourier transform infrared spectral analysis of RTE polysaccharide
Fourier transform infrared (FT-IR) spectra of the RTE polysaccharide were recorded on FT-IR Shimadzu, FTIR-8400S spectrophotometer equipped with IRsolution 1.10 Shimadzu software in the range of 4000-500 cm -1 . FT-IR scans were collected on completely dried thin films of the RTE polysaccharide cast on KBr discs. The spectra covered the infrared region 4000-500 cm −1 , the number of scans per experiment was 10 and resolution was 6 cm -1 .
Extraction and HPLC analysis of RTE phenolic acids
Rhus tripartitum extract (1 g) was mixed with 10 ml of 80% methanol, and kept under magnetic stirring at room temperature for 24 h and then centrifuged at 10,000 × g for 10 min. The upper layer was then treated with acetone (1:4 v/v) and centrifuged for 10 min at 10,000 × g to precipitate pigments. Prior to high-performance liquid chromatography (HPLC) analysis, the extract was dried using a mini Speed Vac to remove organic solvent then dissolved in deionized water and filtrated through nylon syringe filters, 0.45 µm (Carl Roth GmbH, Karlsruhe, Germany). The HPLC analysis of the RTE phenolic acids was carried out using a Varian Prostar HPLC equipped with a C-18 reverse phase column (Varian, 150 mm × 4.6 mm, particle size 5 µm), a ternary pump (model Prostar 230) and a Prostar 330 diode array detector at an isocratic elution. Eluant was water/acetonitrile/methanol (50/25/25 v:v), the flow rate was 0.8 ml·min −1 and the injection volume was 25 µl at 25°C. The identification were performed at 254 nm based on the comparison with the retentions times and by co-injection of phenolic acids standards.
In vitro antioxidant activity of RTE
DPPH radical-scavenging activity
The free radical scavenging activity of RTE was evaluated with the DPPH radical assay according to the method reported by Grzegorczyk et al. (2007) . Aqueous solution of RTE (1 ml) at various concentrations (2-500 µg/ml) was added to 1 ml of a 0.1 mM methanolic solution of DPPH and allowed to stand for 30 min at 27°C. The absorbance of the sample was then measured at 517 nm. (+)-Catechin was used as a reference in the same concentration range as the test extract. A control solution, without a tested compound, was prepared in the same manner as the assay mixture. All the analyses were done in triplicate. The degree of the reaction mixture bleaching indicates the radical-scavenging efficiency of the extract. The antioxidant activity of RTE was calculated as an inhibitory effect (IE%) of the DPPH radical formation as follows:
where A DPPH is the absorbance of DPPH solution without sample extract, A sample is the absorbance of sample extract mixed with DPPH solution and A control is the absorbance of the sample extract tested without DPPH. The EC 50 value was defined as the concentration (in µg/ml) of the RTE required for scavenging the DPPH radical by 50%.
Ferric reducing antioxidant power
The reducing property of the RTE was determined by assessing its ability to reduce Fe 3+ -ferricyanide complex as described by Chu et al. (2000) . Briefly 2.5 ml of potassium phosphate buffer (0.1 M, pH 6.6) was mixed with 2.5 ml of 1% (w/v) potassium ferricyanide and 1.0 ml of RTE solution at varying concentration (5-1000 µg/ml). The mixture was incubated at 50°C for 20 min, thereafter 2.5 ml of 10% (w/v) trichloroacetic acid was added, and subsequently centrifuged at 1000 × g for 10 min, 2.5 ml of the supernatant was mixed with equal volume of water and 0.5 ml of 0.1% (w/v) ferric chloride. The absorbance was then measured at 700 nm; a higher absorbance indicates a higher ferric reducing antioxidant power (FRAP). (+)-Catechin was used as standards for comparison and the test were carried out in triplicate.
Antiulcerogenic activity of RTE
Experimental animals
Adult male Wistar rats weighing 240-260 g purchased from SIPHAT (Tunis, Tunisia) were used for the acute toxicity and antiulcerogenic studies. Before any experience, all animals were kept for 2 weeks adaptation period under the same laboratory conditions of temperature (22 ± 2°C), relative humidity (70 ± 4%) and a 12 h light/dark cycle, and received a nutritionally standard diet (SICO, Tunisia) and tap water. All animals were fasted prior all assays and kept in cages with raised floors of wide mesh to prevent coprophagia. Standard drugs and RTE were administered orally by gastric intubation. Animals were cared for under the Tunisian code of practice for the Care and Use of Animals for Scientific Purposes.
Acute toxicity of RTE
A total of 32 rats were randomly divided into four groups (n = 8). First group served as normal control. Groups two, three and four received RTE dissolved in distilled water at the dose level of 1000, 2000, 3000 mg/kg p.o., respectively. All animals were observed for toxic symptoms and mortality for 72 h.
Effect of RTE on ethanol-induced ulcers in rats
The total of 48 rats were divided into six treatment groups (n = 8) and fasted for 24 h prior treatment though water was allowed ad libitum. The treatment of these groups is made in two steps; firstly they receive vehicle, RTE or ranitidine (Ran) dissolved in distilled water. Ranitidine was used as standard antiulcer drug, which act as a gastric anti-acid output (Shaker et al. 2010) . One hour after the first treatment, all the groups except control group, were orally treated with 0.5 ml of ethanol (80% in water) for the gastric ulcer induction according to the scheme described in Figure 1 . One hour later, the animals were sacrificed, their stomachs ligatured in esophageal and pyloric canals, excised and photographed. The stomachs were then opened along the greater curvature; the gastric juice and the mucus covering each stomach were then carefully collected into clean tubes. This were centrifuged at 12,000 × g, 4°C for 10 min and analyzed for gastric juice volume, pH value, and mucus weight. Each stomachs were then rinsed with saline solution (0.9%), photographed and the extent of the lesions were measured (mm 2 ) and taken as ulcer index according to the method of Khan (2004) using the ImageJ software (National Institute of Health).
Biochemical analysis
The mucosal tissues (0.5 g each) were grinded with liquid nitrogen in a mortar and homogenised by an Ultra-Turraks in 4.5 ml of cold phosphate buffer (50 mmol/l, pH 7.4; 5 mmol BHT). The butylated hydroxytoluene was used to prevent new lipid peroxidation that can occur during homogenisation. The homogenate was then centrifuged at 12,000 × g at 4°C for 10 min. Supernatant was aliquoted and stored at -80°C until determination of SOD, CAT, glutathione peroxidase (GSH-Px) and MPO activities and total protein, total glutathione (GSH) and malondialdehyde (MDA) contents.
In stomach homogenate SOD activity was estimated according to the method described by Misra and Fridovich (1972) . CAT activity was determined by measuring hydrogen peroxide decomposition at 240 nm according to the method described by Aebi (1984) . GSH-Px activity was assayed by the subsequent oxidation of NADPH at 240 nm, using the method described by Flohe and Gunzler (1984) . The protein content stomach homogenate were determined according to Lowry's method using bovine serum albumin as standard (Lowry 1951) . The level of lipid peroxidation was measured as MDA content according to the method of Ohkawa et al. (1979) . Total GSH contents were measured by Ellman's reaction using 5,5-dithiobis 2-nitrobenzoic acid according to the method of Moron et al. (1979) . All assays were carried out at room temperature in triplicate.
Histopathological studies
After the macroscopic analyses small portion of each stomach tissues was fixed in 4% formalin solution, dehydrated 
Statistical analysis
Statistical analysis was performed using one-way ANOVA followed by Tukey's test and significance of difference between treatments was accepted at p < 0.05. Data are expressed as mean ± standard deviation of the means.
Results
Phytochemical studies of RTE
The methanolic extract of Rhus tripartitum root barks yielded 22.62 g which expressed 45.24% of initial weight used (50 g). The phytochemical studies of RTE revealed the presence of high amount of phenolic contents (122.88 ± 0.51 mg GAE/g) when compared with the phenolics contents detected in the root extract of Opuntia ficus indica f. inermis (57.56 ± 0.51 mg GAE/g), demonstrated to have an antiulcerogenic effects (Alimi et al. 2010 ). On the other hand, the chemical studies of RTE show a substantial content of flavonoids (9.12 ± 0.22 mg RE/g) when compared with the aqueous root extract of Rhus pentaphyllum (Ben Mansour et al. 2011 ). In addition higher tannin content (57.53 ± 0.64 mg CE/g) have been detected in RTE when compared with the level (25.33 ± 0.07 mg CE/g) detected in fresh root bark extract of Rhus oxyacantha (Tebourbi et al. 2006) . Where as RTE polysaccharide content (126.78 ± 0.59 mg/g of extract) appeared lower then that the level (600 mg/ g of extract) detected in Decalepis hamiltonii root known for their antiulcerogenic effect (Srikanta et al. 2007 ).
The FT-IR analysis of RTE purified polysaccharide (Fig. 2 ) displayed a broad stretching intense peak at 3372 cm -1 which is the characteristic absorption of hydroxyl groups followed by weak C-H stretching bands at 2945 cm -1 (Xu et al. 2009 ). The weak peaks were their bands range 2995-1997 cm -1 are non identified compounds. The RTE polysaccharide also contains uronic acids, characterized by the carboxylic group which could lead to two absorbance peaks. The band towards 1607 cm -1 was attributed to the stretching vibration of C=O in protonated carboxylic acid. The band towards 1430 cm -1 was attributed to the absorbance of the COO -deprotonated carboxylic group (Manrique and Lajolo 2002) .The peak observed at 1040 cm -1 in the FT-IR spectrum of RTE could be characteristic of rhamnose polysaccharide content and the peak observed at 621 cm -1 could be characteristic of β-D-glucose (Zhao et al. 2007 ).
The HPLC analysis of RTE at 254 nm (Fig. 3 ) revealed the presence of large content of gallic acid (peak 3) and two other non identified compounds (peaks 1 and 2).
Antioxidant activity of RTE
As shown in Fig. 4 , the radical scavenging activity of RTE and (+)-catechin on DPPH radicals increased as concentrations increase and reach the maximum of inhibition at 200 µg/ml and 50µg/ml, respectively. The EC 50 values calculated from the graph (Fig. 4) shows that the radical-scavenging activity of RTE (EC 50 = 10 ± 0.1µg/ml) appeared lower than that of (+)-catechin (EC 50 = 6.77 ± 0.2 µg/ml).
The reducing propriety of RTE tested against Fe 3+ (Fig. 5 ) increased with increase of concentrations and reaches a maximum at 1000 µg/ml which was significantly lower (p < 0.05) than that of (+)-catechin (200 µg/ml). The effective concentration (EC 50 ) of RTE (EC 50 = 340. 94 ± 0.7µg/ml) providing 0.5 of absorbance, calculated from the graph (Fig. 5) , appeared significantly (p < 0.05) lower than that of (+)-catechin (EC 50 = 42.06 ± 0.3µg/ml) used as standard.
Antiulcerogenic activity of RTE
Acute toxicity of RTE
The acute toxicity studies demonstrate that oral administration of RTE up to 3000 mg/kg b.w., did not cause any toxic effect and no mortality was observed in treated rats.
Effect of RTE on ethanol-induced ulcers in rats
The effects of orally administered RTE on gastric ulcer induced on rats by 80% ethanol solution are showed in Fig. 6 . The ethanol-ulcerated rats (EtOH) showed a large and swelled stomach full of gastric juice in comparison with control rats. When ulcerated rats are pre-treated with RTE we assist to the reduction of the whole stomach size as dose-dependant manner to reach a near normal size seen at control and ranitidine (Ran) groups. The photographs of the dissected and sectioned stomach revealed a deep hemorrhagic lesion of mucosal layer (Fig. 6: 1 and a, arrows) and a numerous neutrophil infiltration (Fig. 6: b, circle) . The Stomach of ulcerated rats treated with low dose of RTE (50 mg/kg b.w.) exhibited no deep gastric lesions (Fig. 6: 2 and b, circles) and a small detached mucus layer (Fig. 6 : b, arrow). Whereas, the treatment of ulcerated rats with 200 mg/ kg b.w., and 400 mg/kg b.w., of RTE lead to the reduction of the whole stomach size, the disappearance of the ulcer crater ( Fig. 6: 3 and 4) , and induced the mucus production on the epithelial cells surfaces (Fig. 6 : 4, square) and the arrangement of the mucosal layer (Fig. 6: c and d) to be similar to the rantidine-treated and control rats (Fig. 6: e and f) . Table 1 shows that the ulcer induction with 0.5 ml of ethanol solution (80%) in EtOH rats was accompanied with a significant increase (p < 0.01) of the gastric juice secreted as well as the ulcer index (p < 0.001) and a significant decrease of pH level (p < 0.01) and gastric mucus weight (p < 0.01) when compared with control group. Whereas pretreatment of ethanol ulcerated rats with RTE normalized as dose-dependant manner the above cited parameters to near values registered in normal and ranitidine-treated groups. Fig. 7 shows the treatment effects of RTE on the activities of gastric antioxidants enzymes (SOD, CAT and GSH), the activities of MPO, the levels of gastric GSH and to the lipid peroxidation product (MDA) in rats ulcerated with ethanol. The treatment of EtOH group with 0.5 ml of ethanol (80%) significantly (p < 0.01) decreased the SOD, CAT, and GSH-Px activities, the GSH content and increased the MPO activity in rat's stomach tissues when compared with control group. Rather than reducing antioxidant enzymes activities, ethanol instillation significantly (Fig. 7f) . However, RTE supplement to ethanol-ulcerated rats significantly (p < 0.01) increased gastric SOD, CAT and GSH-Px activities and GSH level in dose-dependent manner, to reach normal values registered in ranitidine and control groups. In contrast, ranitidine and RTE treatments greatly lowered, in dose-dependent manner, the mucosal MPO activity and MDA level of the ethanol ulcerated rats almost to near control levels.
Effect of RTE on biochemical parameters of ethanol-ulcerated rats
Discussion
The gastric ulcer is a repeating chronic affection, extremely frequent, with clear male prevalence. Exogenous compounds, mainly acetylsalicylic acid, NSAIDs and copious ethanol intake causes erosive lesions in the gastrointestinal mucosa (Jahovic et al. 2007 ). Several procedures are used to induce gastric ulcer in rats and each mode has its specific mechanism. NSAIDs like aspirin causes mucosal damage by interfering with prostaglandin synthesis (Rao et al. 2004 ). Pylorus ligation-induced ulcer is due to autodigestion of the gastric mucosa and breaks down of the gastric mucosal barrier (Sairam et al. 2002) . Ethanol-induced gastric ulcers was reported to stimulate the formation of leukotriene C4 (LTC4), the neutrophil cells activation, the production of reactive oxygen species which in turn produces a direct gastric necrotizing action and reduces defensive factors like the secretion of bicarbonate and production of mucus (Jaiswal et al. 2011) . Rather than inducing ulcer, ethanol could diffuse to the whole body and induced hematological and metabolism perturbation (Husain et al. 2001) , for these reasons we chose ethanol to induce gastric ulcer. For the treatment of gastric ulcer, many pharmaceutical products including histamine (H2) receptor antagonists, proton pump inhibitors, antacids and anti-cholinergic have been used (Singh et al. 2008) . However, most of these drugs have various undesirable side effects (Devi et al. 2007) . In this framework it was of interest to seek natural product having antioxidants and antiulcerogenic properties. Although it has been reported that Rhus tripartitum root barks is used in treating ulcer in folk medicine, no experimental evidence has been reported. Thus, in the present study the RTE have been studied on three steps in order to investigate their beneficial effects against ethanol-induced ulcer: 1) by exploring their phenolic, flavonoids and polysaccharide contents, 2) by evaluating in vitro their radical scavenging activity and their reducing property, 3) and by studying their anti-ulcer activities in vivo.
The secondary metabolites like phenolics, flavonoids, tannins and polysaccharides found in all parts of plants such as leaves, fruits, seeds, roots and bark have been reported to be potent free radical scavengers and inhibitors of lipid peroxidation (Mathew and Abraham 2006) . Phytochemical studies demonstrated that RTE contain high phenolic content in comparison with the phenolics level detected in Opuntia ficus indica f. inermis root extract, known for their antiulcerogenic effects (Alimi et al. 2010 ). In addition higher tannin content has been detected in RTE when compared with the level detected in Rhus oxyacantha fresh root bark extract (Tebourbi et al. 2006) . The chemical study of RTE also revealed the presence of polysaccharide content but appeared lower than that the level detected in swallow root known for their antiulcerogenic effect (Srikanta et al. 2007 ). It has been demonstrated that phenolic, flavonoids, condensed tannins and polysaccharide possess an ideal structural chemistry for free radical scavenging activity which arise 1) from their high reactivity as hydrogen or electron donors, 2) from their ability to stabilize and delocalize the unpaired electron (chain-breaking function), and 3) from their potential to chelate metal ions (termination of the Fenton reaction) (Galati and O'Brien 2004; Chanda and Dave 2009; Zhong et al. 2010) .
Ethanol consumption is known to be one of many factors responsible for gastric ulcer formation due to the generation of oxygen-derived free radicals (superoxide anions, hydroxyl radicals and lipid peroxides) (Li et al. 2008) . In this fact, the antioxidant sources may also have antiulcerogenic activity. Therefore, in this study, the antioxidant activities of RTE were firstly in vitro studied.
The scavenging activity on DPPH radical is a world wide used method for the quantification of the radical scavenging activity in vitro (Jagtap et al. 2010) . As shown in Figure 4 , the DPPH radical scavenging activity of RTE increased with concentration increase. It was clear that RTE (EC 50 = 10 ± 0.1 µg/ml) exhibited a high scavenging activity, which appeared close to (+)-catechin (EC 50 = 6.77 ± 0.2 µg/ml) activity. The radical scavenging activity of RTE could be related to their phenolics, flavonoids, condensed tannins or to their polysaccharide content. Antioxidative properties of these compounds arise from their high reactivity as hydrogen or electron donors (Chanda and Dave 2009) . The RTE scavenging ability tested in vitro could foresee a possible antiulcerogenic effect in vivo.
The reducing power is associated with antioxidant activity and may serve as a significant reflection of the antioxidant activity (Oktay et al. 2003) . Compounds with reducing power indicate that they are electron donors and can reduce the oxidized intermediates of lipid peroxidation processes, so that they can act as primary and secondary antioxidants. The reducing power of RTE was evaluated based on their ability to reduce the Fe 3+ -ferricyanide complex to the ferrous form according to the method of Chu et al. (2000) . As shown in Fig. 5 , the reducing activity of RTE correlated well with increasing concentration. We think that RTE phenolics and flavonoids content appear to function as good hydrogen donors and therefore should be able to reduce Fe 3+ to Fe 2+ form. The reducing activity of RTE could be attributed in the large part at flavonoids content due to their chelating ability of metal ions, such as iron and copper (Chanda and Dave 2009). A synergistic reducing power could be also played by polysaccharide content detected in RTE. It has been reported that polysaccharides could have a reducing and antiulcerogenic activities (Galati et al. 2001; Zhong et al. 2010) . The reducing ability attributed to phenolics, flavonoids and polysaccharide could confer to the RTE an in vivo antiulcerogenic effect.
Acute alcohol consumption has been considered as one of several factors causing the gastro-duodenal disorders such as gastric ulcer (Cadirci et al. 2007) . La Casa and coworkers suggested that free radicals could be the main causes of gastric ulcer development, and suggested the xanthine oxydase as source (La Casa et al. 2000) . Another study made by Hamauzu et al. (2007) shows that the free radicals generated by the neutrophil cells have a significant role in the development of gastric ulcer registered in ethanol-intoxicated rats. The study made by Kahraman and al. (2003) showed the increase in the MPO activity, biological indicator of the activated neutrophils, in ethanol-ulcerated rats. Our results also showed a significant (p < 0.01) increase of gastric tissues MPO activity in ethanol-ulcerated rats (Fig. 7d) . The ethanol has the ability to degrade mucous membrane proteins and induce a local inflammation. This event calls upon the activated neutrophils migration, where they can produce and release hydrogen peroxide (H 2 O 2 ) and superoxide radicals (O 2 -) which worsens and makes deeper the ethanol initiated ulcer. In addition, excessive production of H 2 O 2 in ulcer crater could contribute to the oxidation of ethanol in acetaldehyde via the catalase pathway (Cunningham and Van Horn 2003) .
The acetaldehyde constitutes the most harmful ethanol metabolite which could, due to their nucleophilic property, induce the lipid peroxidation and the decrease of membranous GSH content in gastric epithelial cells. In the present study it was shown that the administration of ethanol significantly (p < 0.01) enhanced lipid peroxidation process producing MDA (Fig. 7f) , the depletion of gastric cells membranous GSH content (Fig. 7e) and the over production of MPO. Our results are in agreement with those of Cadirci et al. (2007) and La Casa et al. (2000) . In this situation we assist to the over production of gastric juice which becomes significantly (p < 0.01) acidified in comparison with control rats. This verity explains the swelling form observed in ethanol ulcerated rats.
The gastric ethanol toxicity results macroscopically in a redness mucous membrane on which appears hemorrhagic lesions and the significant reduction of the mucus quantity (Table 1) . The microscopic study of the histological sections shows the erosion of the gastric epithelial cells, the widening of the inter-glandular spaces and the infiltration of the neutrophiles in the ulcerated zones. These results confirmed our previous finding (Alimi et al. 2010) . In normal conditions gastric cells possess a powerful antioxidant defense system, including SOD, CAT and GSH-Px which play a protective role against xenobiotics (Sehirli et al. 2008) . In the present study it was shown that the administration of ethanol significantly (p < 0.01) decreased the activities of SOD, CAT and GSH-Px enzymes when compared with control rats. In contrast pre-treatment of ethanol-ulcerated rats with RTE preserved the activities of antioxidants enzymes cited above to near normal and decreased lipid peroxidation product (MDA) and MPO activity as dose-dependant manner. In histological sections RTE could preserve intact the gastric tissues from ethanol injury by enhancing gastric mucus production (Table 1) , by healing the ulcer craters and keeping near normal epithelial cells arrangement.
From these results, it appeared that the preventive effect of RTE might be due to their suppression of leukocyte migration to the gastric mucosa, which could be indicated by lowered activity of MPO, a marker enzyme of activated neutrophiles. In our study, the RTE showed dose-dependent radical scavenging activity (Fig. 4) , and reducing power (Fig. 5) , which may in part be responsible for the anti-ulcer activity of the extract. The wealth of RTE in antioxidant compounds such as phenolic flavonoids, tannin and poysacharides could explain the suppression of leukocyte migration and thereby the antiulcerogenic affect. The antioxidant activity of RTE is confirmed in vivo by kipping near normal gastric antioxidant status in ethanol-ulcerated rats.
The active constituents of RTE especially the tannins may also have a contributory role to play in its anti-ulcer activity. Tannins are known to 'tar' the outermost layer of the gastric mucosa rendering it less permeable and more resistant to chemical and mechanical injury or irritation (Aniagu et al. 2005 ). The present study has shown that RTE probably antagonizes the aggressive factors (e.g. acid out pout, free radicals release), which play an important role in the pathogenesis of gastric ulcers (Kumar and Clarke 2002) , while augmenting the defensive mucosal factors that protect the gastric mucosa from injury.
Flavonoids possess antioxidant properties in addition to strengthening the mucosal defense system through stimulation of gastric mucus secretion. The results of the present study showed a possible positive correlation between flavonoids content in RTE and mucus weight produced in RTE-treated rats. Table 1 shows that the mucus weight was in RTE3 group approximately twice higher than that in control and RTE1 animals.
Flavonoids can scavenge the reactive oxygen species (e.g. super-oxide anions) and free radicals produced by ethanol.
These reactive intermediates are potentially implicated in ulcerogenicity. The gallic acid which was the only phenolic acid identified by HPLC in RTE could confer a radical scavenging and antisecrtary effects to RTE.
Another possible mechanism for the anti-ulcer activity of the RTE may be the polysaccharides' ability to bind to the surface mucosa and function as a protective coating. Diseases of the gastrointestinal system are often related with irritations and pathological changes in mucus membranes, and polysaccharide-containing plants are widely used in traditional therapy of such diseases. Recently, rhamnogalacturonans have been found to adhere significantly to colon mucous membranes, which may lead to a protective coating and shielding of the epithelia, subsequent rehydration and accelerated healing (Schmidgall and Hensel 2002) . It has been also demonstrated that polysaccharide, the major compound detected in RTE, could forms a gelatinous layer on the gastric mucosa which enhance mucus synthesis (Galati et al. 2001) this fact explain the significant increase of mucus weight in animals pretreated with 400 mg/kg of RTE when comapred with thows receiving only 50 mg/kg of RTE.
In addition polysaccharides could form a strong complex with tannin and flavonoids therefore confer to RTE the binding-tarring-scavenging ability and constitute a strong antiulcerogenic complex.
In conclusion, this is the first evidence that RTE has an antioxidant and a gastro-protective effect on ethanol-induced gastric ulcer. Due to the richness of RTE in phenolic, flavonoids, tannin and polysaccharide contents, their antioxidant and their potent antiulcerogenic activities we show that RTE is a potential therapeutic option in the effective management of ulcer, thus justifying its widespread use by the local population, and was also of potential therapeutic interest to enhance their investigation as a digestive tract anticancer agent.
